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1
DIFFERENTIAL LATCH CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the field of digital circuitry,
particularly to area of master-slave flip-flops. More specifi-
cally, the present invention relates to the area of data latches.

2. Description of the Related Art

The performance of microprocessors and other synchro-
nous devices has been limited by the power dissipation of
these devices. It has been observed that a significant amount
of power dissipation is generated by the clock line. There-
fore, a reduction in the power dissipation of the clock line
may greatly decrease the power dissipation of a device. The

power dissipation of the clock line may be calculated by the
following equation:

power dissipation=capacitancexfrequencyxvoltage?

As can be seen from this equation, a decrease in the
capacitance on the clock line will decrease the power
dissipation of the clock line.

In addition, the frequency at which microprocessors and
other synchronous devices are able to operate has been
limited by clock skew. Clock skew is the degree to which
clock pulses throughout a synchronous device are out of
synchronization. The greater the frequency of the clock, the
smaller the clock skew must be kept to maintain synchro-
mzation of the device. It has been observed that clock skew
decreases as capacitance on the clock line is decreased.
Thus, reducing capacitance on the clock line may allow
microprocessors and other large synchronous circuits to
operate at higher clock frequencies.

Capacitance on the clock line is generated in part by
master-slave flip-flops. A master-slave flip-flop is composed
of two data latches, referred to as the master latch and the
slave latch, which are both connected to the clock line. There
are many well known circuits for providing master-slave
fhp-flops. A first prior art method, having a low capacitance
on the clock line, is shown in FIG. 8. However, this prior art
method suffers from several problems. One such problem is
the loss of data due to glitches in the clock signal caused by
couphng. For example, while the clock signal asserted on
clock line 830 is high and storage portion 870 is storing a
high data signal, glitches in the clock signal will temporarily
open p-channel transistor 845 and discharge node 875. As a
resul{, the data signal stored in storage portion 870 is lost.
Another such problem is the poor passage of data signals
asserted on data line 835 due to the use of single transistors
for pass gate 840 and pass gate 850. For example, the data
signal asserted on data line 835 is passed by pass gate 840,
which 1s composed of single p-channel transistor 845. How-
ever, p-channel transistors pass Vcc well, but pass Vss
poorly. This limits the speed and the reliability of this
fip-flop severely. Finally, contention is experienced when
the values stored in storage portion 870 and storage portion
880 differ from the data signals being passed by pass gate
840 and pass gate 850, respectively. Due to these problems,
this prior art method is not acceptable for most applications.

A second prior art method that overcomes the aforemen-
tioned problems experienced by the first prior art method is
shown in FIG. 9. With reference to FIG. 9, master-slave
flip-fiop 900 comprises master latch 910 and slave latch 920.
To suppress glitches experienced by the first prior art
method, inverter 960 is added to clock line 930. In addition,

to properly pass the data signals asserted on data line 935,
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pass gate 840 and pass gate 850 are replaced with compli-
mentary pass gate 940 and complimentary pass gate 945,
respectively, which pass both Vce and Vss well. However,
because complimentary pass gate 940 and complimentary
pass gate 945 contain complimentary devices, inverter 965
i1s also added to clock line 930 to supply the appropriate
clock signal. Finally, to reduce contention which results
when the data signal being asserted differs from the signals
stored in storage portion 970 and storage portion 980, a
tri-state inverter or a pass gate, such as pass gate 975 and
pass gate 985, 1s included.

Although this second prior art method solves the prob-
lems with the first prior art method, the large number of
transistors and complex routing utilized by this second prior
an method result in an excessive amount of capacitance on
clock line 930. As a result, the use of this second method in
microprocessors and other synchromnous circuits results in

excessive clock skew and unnecessary power dissipation on
the clock line.

SUMMARY OF THE INVENTION

A differential latch circuit which places very little capaci-
tance on the clock line is described. The invented differential
latch circuit utilizes differential data signals, and thus, has
two data hines. The transfer portion of the latch receives the
differential data signals and passes them to the storage
portion responsive to a control signal. The storage portion
stores and outputs the differential data signals.

In a first and second embodiment, each data line in the
transter portion comprises a single transistor pass gate for
selectively passing one of the differential data signals
responsive to the control signal, which is coupled to the gate
terminals of both pass gates. In a third and fourth embodi-
ment, each data line is coupled to the gate terminal of a
single transistor pass gate, whose first terminal is coupled to
a voltage. The second terminal of each of these pass gates is
coupled to the first terminal of another single transistor pass
gate, whose second terminal 1s coupled to an input of the
storage portion and whose gate terminal is coupled to the
control signal. Finally, in a fifth and sixth embodiment, each
data line 1s coupled to the gate terminal of a single transistor
pass gate, whose first terminal is coupled to an input of the
storage portion. The second terminal of both these pass gates
18 coupled to the first terminal of another single transistor
pass gate, whose second terminal is coupled to a voltage and

whose gate terminal is coupled to a control signal.

These and other aspects of the present invention will be
better described with reference to the Detailed Description

of the Preferred Embodiment and the accompanying Fig-
ures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a first embodiment of a
differential laich according to the present invention.

FIG. 2 1s a schematic diagram of a second embodiment of
a differential latch according to the present invention.

FIG. 3 is a schematic diagram of a third embodiment of
a differential latch according to the present invention.

FIG. 4 1s a schematic diagram of a fourth embodiment of
a differential latch according to the present invention.

FIG. 5 1s a schematic diagram of a fifth embodiment of a
differential latch according to the present invention.

FIG. 6 is a schematic diagram of a sixth embodiment of
a diiferential latch according to the present invention.
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FIG. 7 is a schematic diagram of a master-slave flip-flop
according to the present invention.

FIG. 8 is a schematic diagram of a prior art method for
providing a master-slave flip-flop.

FIG. 9 is a schematic diagram illustrating a second prior
art method for providing a master-siave flip-flop.

For ease of reference, it might be pointed out that refer-
ence numerals in all of the accompanying drawings typically
arc in the form “drawing number” followed by two digits,
xx; for example, reference numerals on FIG. 1 may be
numbered 1xx; on FIG. 3, reference numerals maybe num-
bered 3xx. In certain cases, a reference numeral may be
introduced on one drawing and the same reference numeral
maybe utilized on other drawings to refer to the same item.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

What i1s described herein i1s a differential latch circuit
which places very little capacitance on the clock line, and
thus may be used in master-slave flip-flops to reduce clock
skew and power dissipation. In the following description,
numerous specific details are set forth to provide a thorough
understanding of the present invention. It will be apparent,
however, to one skilled in the an that the present invention
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may be practiced without these specific details. In other

instances, well known circuits, structures and techniques
have not been shown in detail in order not to unnecessarily
obscure the present invention.

Highlight of the Present Invention

The invented differential latch utilizes differential data
signals. The term differential data signals 1s used herein to
refer to a data signal and an inversion of that data signal. For
example, if the data signal 18 high (Vcc), the inverted data
signal is low (Vss), and vice versa. As a result, the invented
differential latch receives both Vcc and Vss each time data
is received by the latch.

The use of differential data signals results in a latch
sufficiently immune form glitches such that glitch suppres-
sion circuitry 1s not needed on the clock line. In addition, the
use of differential data signals allows for the strong passage
of data signals using single transistor pass gates of the same
transistor type. Furthermore, the use of differential data
signals sufficiently reduces contention in the storage portion
such that circuitry, such as a tri-state inverter or pass gate
terminal, is not needed in the storage portion of the invented
differential latch. Finally, because of the reduction in the
number of devices, the wiring necessary for the clock line of
this latch 1s reduced. Thus, the invented differential latch
circuit places very little capacitance on the clock line.

It 1s worthwhile to note, that the terminals of a transistor
are referred to herein as first terminal, second terminal, and
gate terminal.

A First Embodiment of Differential Latch

A first embodiment of a differential latch will be described
with reference to FIG. 1. This first embodiment works well
as the master-latch of a master-slave flip-fiop. As shown in
FIG. 1, latch 100 may be divided into transfer portion 110
and storage portion 120. Transfer portion 110 is for provid-
ing the differential data signals to storage portion 120 when
the clock signal is low. Storage portion 120 1s for storing the
differential data signals it receives from transfer portion 110.

Transfer portion 110 includes clock line 130, data line
135, inverted data line 137, p-channel transistor 140, and
p-channel transistor 145. Data line 135 is coupled to the first
terminal of p-channel transistor 140, and inverted data line

30

35

40

4

137 1s coupled to the first terminal of p-channel transistor
14S. Clock line 130 is coupled to the gate terminal of both
p-channel transistor 140 and p-channel transistor 1435. The
second terminal of both p-channel transistor 140 and p-chan-
nel transistor 143 is coupled to storage input 165 and storage
input 170, respectively.

Storage portion 120 comprises storage input 165, storage
input 170, inverter 180, inverter 18§, storage output 190, and
storage output 195. Both the input of inverter 180 and the

output of inverter 185 are coupled to storage input 165, and
both output of inverter 180 and the input of inverter 185 are

coupled to storage input 170. Thus, inverter 180 and inverter
183 are in a back-to-back configuration. Storage output 190
and storage output 1935 are coupled to the output of inverter
180 and the output of inverter 185, respectively, for provid-
ing differential outputs from latch 100.

A data signal 1s provided on data line 135 to the first
terminal of p-channel transistor 140, and an inverted data
signal 1s provided on inverted data line 137 to the first
terminal of p-channel transistor 145. The inverted data
signal may be provided by an inverter whose input is
coupled to data line 135 and whose output is coupled to
inverted data line 137. A control signal, such as a clock, is
provided on clock line 130 to the gate terminal of both
p-channel transistor 140 and p-channel transistor 145. When
the clock signal is low, both p-channel transistor 140 and
p-channel transistor 145 are turned on. Conversely, when the
clock signal is high, both p-channel transistor 140 and
p-channel transistor 143 are turned off. The clock signal thus
selects when the data signal and the inverted data signal are
passed to storage portion 120. The back-to-back configura-
tion of inverter 180 and inverter 185 stores the data signal
and the inverted data signal which are passed to storage
portion 120. Finally, storage output 190 and storage output
195 provide the inverted data signal and tile data signal,
respectively, stored in storage portion 120.

Having described this first embodiment, this discussion
will now focus on why this embodiment places very little
capacitance on clock line 130. Latch 100 is immunized from
glitches in the clock signal asserted on clock line 130
because both storage input 165 and storage input 170 would
have to be flipped for data to be lost. Such a process is
sufficiently difficult to immunize latch 100 from such
glitches without the use of additional circuitry on the clock
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In addition, latch 100 properly passes the asserted data
signals by utilizing two pass gates: p-channel transistor 140
for receiving the data signal and p-channel transistor 145 for
receiving the inverted data signal. P-channel transistors pass
Vce well. Thus, by applying differential data signals, it is
ensured that either p-channel transistor 140 or p-channel
transistor 145 will receive and pass a strong Vcc signal to
storage portion 120. As a result, latch 100 properly passes
the asserted data signals without the use of additional
circuitry on the clock line.

Additionally, latch 100 sufficiently reduces contention in
storage portion 120 by driving storage portion 120 from two
sides. For example, if the output of inverter 180 is Vcc and
the inverted data signal being asserted is Vss, there will be
contention between these two signals. However, this con-
tention 1s reduced because the input of inverter 180 is being
simultaneously driven by the data signal asserting Vcc,
thereby weakening the output of inverter 180. The same will
hold true for inverter 185. The resulting reduction in con-
tention is sufficient to alleviate the need for additional
circuitry on the clock line to reduce contention.

In this manner, a latch is provided which places very few
devices on the clock line and which requires very little
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wiring for the clock line. Thus, latch 100 places very little
capacitance on the clock line.

An additional advantage of the present invention is that
latch 100 provides complimentary outputs without the use of
an additional inverter.

A Second Embodiment of a Differential Latch

A second embodiment of a differential latch will be
described with reference to FIG. 2. This second embodiment
functions well as the slave latch of a master-slave flip-flop.

Latch 200 is essentially the same as latch 100 previously
descnibed, except n-channel transistor 240 and n-channel
transistor 245 are provided in place of p-channel transistor
140 and p-channel transistor 148, respectively. Thus, trans-
ter portion 210 provides the differential data signals to
storage portion 220 when the clock signal asserted on clock
line 230 1is high. In addition, because n-channel transistors
pass Vss well rather than Vcc, the use of differential data
signals ensures a strong Vss signal will be passed to storage
portion 220.

If the first and second embodiments are used as the master
and slave latch, respectively, in a master-slave flip-fiop,
storage output 195 and storage output 190 should be coupled
to data line 235 and inverted data line 237, respectively, via
buffers.

A Third Embodiment of a Differential Latch

A third embodiment of a differential laich will be
described with reference to FIG. 3. This third embodiment
works well as the master portion of a master-slave flip-fiop.
As with latch 100, latch 300 has a transfer portion 310 and
storage portion 320 as shown in FIG. 3.

Transfer portion 310 includes clock line 330, data line
335, inverted data line 337, p-channel transistor 340,
p-channel transistor 345, p-channel transistor 350, p-channel
transistor 360, and power supply voltage 375. Clock line 330
1s coupled to the gate terminal of both p-channel transistor
340 and p-channel transistor 345. Data line 335 is coupled
to the gate terminal of p-channel transistor 350, and inverted
data line 335 is coupled to the gate terminal of p-channel
transistor 360. The first terminal of p-channel transistor 340
1S coupled to storage i1nput 365; the second terminal of
p-channel transistor 340 is coupled to the first tern-final of
p-channel transistor 350; and the second terminal of p-chan-
nel transistor 350 is coupled to power supply voltage 375.
The first terminal of p-channel transistor 345 is coupled to
storage input 370; the second terminal of p-channel transis-
tor 345 1s coupled to the first terminal of p-channel transistor
360; and the second terminal of p-channel transistor 360 is
coupled to power supply voltage 375.

Storage portion 320 comprises storage input 365, storage
input 370, inverter 380, inverter 385, storage output 390, and
storage output 395. Both the input of inverter 380 and the
output of inverter 385 are coupled to storage input 365, and
both the output of inverter 380 and the input of inverter 385
are coupled to storage input 370. Thus, inverter 380 and
inverter 385 are in a back-to-back configuration. Storage
output 390 and storage output 395 are coupled to the output
of inverter 380 and the output of inverter 3885, respectively,
for providing differential outputs from latch 300.

A data signal is provided on data line 335 to the gate
terminal of p-channel transistor 350, and an inverted data
signal is provided on inverted data line 337 to the gate
terminal of p-channel transistor 360. The inverted data
signal may be provided by an inverter whose input is
coupled to data line 335 and whose output is coupled to
inverted data line 337. When the data signal is low and the
inverted data signal 1s high, p-channel transistor 350 1s on
and p-channel transistor 360 is off. Conversely, when the
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data signal i1s high and the inverted data signal is low,
p-channel transistor 350 is off and p-channel transistor 360
1s on. Additionally, a control signal, such as a clock, is
provided on clock line 330 to the gate terminal of both
p-channel transistor 340 and p-channel transistor 345. When
the clock signal is low, both p-channel transistor 340 and
p-channel transistor 345 are turned on. Conversely, when the
clock signal is high, both p-channel transistor 340 and
p-channel transistor 345 are turned off. In this manner, the
clock signal and the data signals select when either storage
input 365 or storage input 370 is connected to power supply
voltage 375. When storage input 365 is connected to power
supply voltage 375, the input to inverter 380 is pulled up.
Conversely, when storage input 370 is connected to power
supply voltage 375, the input to inverter 385 1s pulled up. In
this manner, the storage portion indirectly receives the data
signal or the inverted data signal storing them in the back-
to-back configuration of inverter 385 and inverter 380.
Finally, storage output 390 and storage output 395 provide
the data signal and the inverted data signal, respectively.

Having described this third embodiment, this discussion
will now focus on why this embodiment places very little
capacitance on clock line 330. |

In addition, latch 300 properly passes the asserted data
signals by utilizing single transistor pass gates: p-channel
transistor 340 for receiving the data signal; p-channel tran-
sistor 345 for receiving the inverted data signal; and both
p-channel transistor 340 and p-channel transisior 345 for
receiving the clock signal. P-channel pass Vcc well. Thus,
by applying differential data signals and tying the pass gates
to power supply voltage 375, it is ensured that either
p-channel transistor 350 and p-channel transistor 340 or
p-channel transistor 360 and p-channel transistor 345 will
receive and pass a strong Vcc signal to storage portion 320.
As a result, latch 300 properly passes the asserted data
signals without the use of additional circuitry on the clock
line.

In this manner, a latch 1s provided which places very few
devices on the clock line and which requires very little

wiring for the clock line. Thus, latch 300 places very little
capacitance on the clock line. The problem of contention
still remains in storage portion 320, but it may be resolved
using any number of methods, including those which were
previously described.

An additional advantage of the present invention is that
latch 300 provides complimentary outputs without the use of
an additional 1nverter.

A Fourth Embodiment of A Differential Latch

A fourth embodiment of a differential latch will be
described with reference to FIG. 4. This fourth embodiment
works well as the slave portion of a master-slave flip-fiop.
Latch 400 is essentially the same as latch 300 previously
described with certain logic inversions as described below.

In the case of latch 400, n-channel transistor 440, n-chan-
nel transistor 445, n-channel transistor 450, and n-channel
transistor 460 are provided in place of p-channel transistor
340, p-channel transistor 345, p-channel transistor 350, and
p-channel transistor 360, respectively. In addition, power
supply voltage 375 is replaced with ground 475. Thus, when
the data signal 1s low and the inverted data signal is high,
n-channel transistor 450 is off and n-channel transistor 460
is on. Conversely, when the data signal is high and the
inverted data signal is low, n-channel transistor 450 is on and
n-channel transistor 460 1s oil. Additionally, when the clock
signal 1s low, both n-channel transistor 440 and n-channel
transistor 443 are turned off. Conversely, when the clock
signal 1s high, both n-channel transistor 440 and n-channel
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transistor 443 are turned on. In this manner, the clock signal
and the data signals select when either storage input 465 or
storage input 470 is connected to ground 475. When storage
input 463 is connected to ground 475, the input to inverter
480 is pulled down. Conversely, when storage input 470 is
connected to ground 475, the input to inverter 485 is pulled
down. In this manner, the storage portion indirectly receives
the data signal or the inverted data signal storing them in the
back-to-back configuration of inverter 485 and inverter 480.
Finally, storage output 490 and storage output 495 provide
the data signal and the inverted data signal, respectively.
Finally, latch 400 properly passes the asserted data signals
because n-channel transistors pass Vss well. Thus, the use of
differential data signals ensures the passage of a strong Vss

signal to storage portion 420, rather than the strong Vcc
signal passed in latch 300.

Although contention remains in the storage portion of
latch 400, n-channel transistors are faster than p-channel
transistors of a similar size. As a result, contention is lower

in this fourth embodiment as compared to the third embodi-
ment.

A Fifth Embodiment of a Differential Latch

A fifth embodiment of a differential Iatch will be
described with reference to FIG. 5. This fifth embodiment
works well as the master latch of a master-slave flip-flop. As
with latch 100, latch 500 has a transfer portion 510 and a
storage portion 320 as shown in FIG. 5.

Transfer portion 510 includes clock line 530, data line
335, inverted data line 537, p-channel transistor 540,
p-channel transistor 550, p-channel transistor 560, and
power supply voltage 575. Data line 535 is coupled to the
gate terminal of p-channel transistor 550, and inverted data
line 537 is coupled to the gate terminal of p-channel tran-
sistor 560. Clock line 530 is coupled to the gate terminal of
p-channel transistor 540. The first terminals of p-channel
transistor 350 and p-channel transistor 560 are coupled to
storage input 365 and storage input 570, respectively. The
second terminals of both p-channel transistor 550 and
p-channel transistor 560 are coupled to the first terminal of
p-channel transistor 540, while the second terminal of
p-channel transistor 540 is coupled to power supply voltage
575. Storage portion 52() is identical to storage portion 320.

A data signal 1s provided on data line 535 to the gate
terminal of p-channel transistor §50, and inverted data signal
is provided on inverted data line 537 to the gate terminal of
p-channel transistor 560. The inverted data signal may be
provided by an inverter whose input is coupled to data line
535 and whose output is coupled to inverted data line 537.
When the data signal is low and the inveried data signal is
high, p-channel transistor 550 is on and p-channel transistor
560 is off. Conversely when the data signal is high and the
inverted data signal is low, p-channel transistor 550 is off
and p-channel transistor 560 is on. Additionally, a control
signal, such as a clock, is provided on clock line 530 to the
gate terminal of p-channel transistor 540. When the clock
signal is low, p-channel] transistor 540 is turned on. Con-
versely when the clock signal is high, p-channel transistor
540 is tumed off. In this manner, the clock signal and the
data signals select when either storage input 565 or storage
input 570 1s connected to power supply voltage 575. When
storage input 563 1s connected to power supply voltage 5785,
the input to inverter 580 is pulled tip. Conversely, when
storage input 570 is connected to power supply voltage 5785,
the input to inverter S85 is pulled up. Thus, storage portion
520 indirectly receives the data signal and the inverted data
signal. In addition, storage portion 520 stores and provides
the data signal and the inverted data signal as previously
described with reference to latch 300.
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Finally, latch S00 reduces capacitance on clock line 130

as previously described with reference to latch 300.
A Sixth Embodiment of A Differential Latch

A sixth embodiment of a differential latch will be
described with reference to FIG. 6. This sixth embodiment
works well as the slave portion of a master-slave flip-flop.
Latch 600 is essentially the same as latch 500 previously
described with certain logic inversions as described below.

In the case of latch 600, n-channel transistor 640, n-chan-
nel transistor 650, and n-channel transistor 660 are provided
in place of p-channel transistor 540, p-channel transistor
350, and p-channel transistor 560, respectively. In addition,
power supply voltage 575 is replaced with ground 675.
Thus, when the data signal is low and the inverted data
signal 1s high, n-channel transistor 650 is off and n-channel
transistor 660 is on. Conversely, when the data signal is high
and the inverted data signal is low, n-channel transistor 650
is on and n-channel transistor 660 is off. Additionally, when
the clock signal 1s low, n-channel transistor 640 is turned on.
Conversely, when the clock signal is high, n-channel tran-
sistor 640 is turned off. In this manner, the clock signal and
the data signals select when either storage input 665 or
storage input 670 is connected to ground 675. When storage
input 663 is connected to ground 675, the input to inverter
680 is pulled down. Conversely, when storage input 670 is
connected to ground 673, the input to inverter 685 is pulled
down. Thus, storage portion 620 indirectly receives the data
signal and the inverted data signal. In addition, storage
poriion 620 stores and provides the data signal and the
inverted data signal as previously described with reference
to latch 300.

Finally, 1atch 600 properly passes the asserted data signals
because n-channel transistors pass Vss well. Thus, the use of
differential data signals ensures the passage of a strong Vss
signal to storage portion 620, rather than the strong Vcc
signal passed in latch 300.

Although contention remains in the storage portion of
latch 600, n-channel transistors are faster than p-channel
transistors of a similar size. As a result, contention is lower
in this sixth embodiment as compared to the fifth embodi-
ment.

Preferred Embodiment of a Master-Slave Flip-Flop Utilizing
the Present Invention

FIG. 7 is a schematic diagram of a master-slave flip-flop
utilizing the present invention. With reference to FIG. 7, the
master-siave flip-tiop 700 is comprised of a master latch 710
and a slave latch 720. Master latch 710 is the differential data
latch 1illustrated in FIG. 1, and slave latch 720 is the
differential data latch illustrated in FIG. 4. FIG. 7 also shows
that slave latch 720 has a storage output 730 and a storage
output 740 for providing the differential outputs of master-
slave flip-flop 700. Thus, a master-slave flip-flop is provided
which places very little capacitance on the clock line,
thereby reducing the power dissipation of the clock line and
the clock skew.

While one arrangement of differential latch circuits form-
ing a master-slave flip-flop is described, any combination of
differential data latches may be used to form a master-slave
flip-flop with the inclusion of the necessary circuitry. Addi-
tionally, a differential data latch may be combined with a
latch of the prior art to form a master-slave flip-flop. Thus,
while certain data latches have been described with refer-
ence to use as either a master latch or a slave latch, any of

these data latches could be used as a master latch and/or as
a slave latch.

Alternative Embodiments
While the above descriptions discuss one mechanism for
providing the storage portion of a differential latch circuit,
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alternative mechanisms may be utilized. While specific
embodiments of the present invention have been described,
various modifications and substitutions will become appar-

ent to one skilled in the art by this disclosure. Such modi-
fications and substitutions are within the scope of the present

invention, and are intended to be covered by the following
claims.

Thus what has been disclosed is a differential data latch
with a low capacitance on the clock line, and thus may be
used 1n master-slave flip-flops to reduce clock skew and
power dissipation.

What is claimed is:

1. A master slave flip-flop comprising:

a master circuit having:

a first and second transistors each having a first termi-
nal, a gate terminal coupled to receive a single phase
clock signal, and a second terminal, said first termi-
nals of said first and second transistors coupled to
receive a data signal and an inversion of said data
signal; and

‘a first and second inverter each having an output
terminal coupled to an input terminal of the other of

said first and second inverters, said input terminals of
said first and second inverters coupled respectively

to said second terminal of said first and second
transistors; and

a slave circuit having:

a third and fourth transistors each having a first termi-
nal coupled to receive a voltage, a gate terminal, and
a second terminal, said gate terminals of said third
and fourth transistors coupled respectively said out-
put terminal of said first and second inverters;

a fifth and sixth transistor each having a first terminal,
a gate terminal coupled to receive said single phase
clock signal, and a second terminal, said first termi-
nais of said fifth and sixth transistor coupled respec-
tively to said second terminal of said third and fourth
transistors; and

a third and fourth inverter each having an output
terminal coupled to an input terminal of the other of
said third and fourth inverters, said input terminals of
said third and fourth inverters coupled respectively

to said second terminal of said fifth and sixth tran-
S1Stors.

2. The master slave flip-flop of claim 1, wherein:
sald first and second transistors are of a p-channel type;

said third and fourth transistors and said fifth and sixth
{ransistors are of a n-channel type; and

said voltage is ground.
3. The master slave flip-flop of claim 1, wherein:

said first and second transistors are of a n-channel type;

said third and fourth transistors and said fifth and sixth
transistors are ot a p-channel type; and

said voltage 1s Vcc.
4. A master slave flip-flop comprising:

a master circuit including:

a first and second transistors each having a first terminal
coupled to receive a voltage, a gate terminal, and a
second terminal, said gate terminals of said first and
second transistors coupled respectively to receive a
data signal and an inversion of said data signal;

a third and fourth transistors each having a first terminal,
a gate termunal coupled to receive a single phase clock
signal, and a second terminal, said first terminals of
said third and fourth transistors coupled respectively to
said second terminal of said first and second transistors:
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a first and second inverter each having an output terminal
coupled to an input terminal of the other of said first
and second inverters, said input terminals of said first

and second inverters coupled respectively to said sec-
ond terminal of said third and fourth transistors; and

a slave circuit including;
a fifth and sixth transistors each having a first terminal,
a gate terminal coupled to receive said single phase
clock signal, and a second terminal, said first termi-
nals of said fifth and sixth transistors coupled said
output terminal of said first and second inverters; and

a third and fourth inverter each having an output terminal
coupled to an input terminal of the other of said third
and fourth inverters, said input terminals of said third
and fourth inverters coupled respectively to said second
terminal of said fifth and sixth transistors.

5. The master slave flip-flop of claim 4, wherein:

said first and second transistors and said third and fourth
transistors are of a p-channel type;

said fifth and sixth transistors are of n-channel type; and

said voltage i1s Vcc.
6. The master slave flip-flop of claim 4, wherein:

said first and second transistors and said third and fourth
transistors are of a n-channel type;

said fifth and sixth transistors are of a p-channel type; and

said voltage is ground.
7. A master slave flip-flop comprising:

a master circuit including:

a first and second transistors each having a first termi-
nal, a gate terminal coupled {o receive a single phase
clock signal, and a second terminal, said first termi-
nals of said first and second transistors coupled
respectively to receive a data signal and an inversion
of said data signal;

a first and second inverter each having an output
terminal coupled to an input terminal of the other of

said first and second inverters, said input terminals of
said first and second inverters coupled respectively
to said second terminal of said first and second
transistors; and

a slave circuit including:

a third transistor having a first terminal coupled to
receive a voltage, a gate terminal coupled to receive
said single phase clock signal, and a second terminal;

a fourth and fifth transistors each having 3 first terminal
coupled to said second terminal of said third tran-
sistor, a gate terminal, and a second terminal, said
gate terminals of said fourth and fifth transistors
coupled respectively to said output terminal of said
first and second inverters; and

a third and fourth inverier each having an output
terminal coupled to an input terminal of the other of
said third and fourth inverters, said input terminals of
said third and fourth 1nverters coupled respectively
to said second terminal of said fourth and fifth
transistors.

8. The master slave flip-flop of claim 7, wherein:

said first and second transistors arc of a p-channel type;

said third transistor and said fourth and fifth transistors arc
of n-channel type; and

said voltage 1s ground.
9. The master slave flip-flop of claim 7, wherein:

said first and second transistors are of a n-channel type;

said third transistor and said fourth and fifth transistors arc
of a p-channel type; and
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said voltage is Vcc.
10. A master slave flip-flop comprising:

a master circuit including:

a first transistor having a first terminal coupled to
recelve a voltage, a gate terminal coupled to receive
a single phase clock signal, and a second terminal;

a second and third transistors each having a first
terminal coupled to said second terminal of said first
transistor, a gate terminal, and a second terminal,
said gate terminals of said second and third transis-
tors coupled respectively to receive a data signal and
an inversion of said data signal; and

a first and second inverter each having an output
terminal coupled to an input terminal of the other of
said first and second inverters, said input terminals of
said first and second inverters coupled respectively
to said second terminal of said second and third
transistors; and

a slave circuit including:

a fourth and fifth transistors each having a first termi-
nal, a gate terminal coupled to receive said single
phase clock signal, and a second terminal, said first
terminals of said fourth and fifth transistors coupled
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respectively to said output terminal of said first and
second inverters; and

a third and fourth inverter each having an output
terminal coupled to an input terminal of the other of

said third and fourth inverters, said input terminals of
said third and fourth inverters coupled respectively

to saild second terminal of said fourth and fifth
transistors.

11. The master slave flip-flop of claim 10, wherein:

said first transistor and said third and fourth transistors
and are of a p-channel type;

said fourth and fifth transistors are of a n-channel type;
and

said voltage 1s Vcc.
12. The master slave flip-flop of claim 10, wherein:

said first transistor and said third and fourth transistors
and are of a n-channel type;

said fourth and fifth transistors are of a p-channel type;
and

said voltage is ground.
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